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Natural ventilation is believed to be capable of enhancing indoor air quality through proper passive designs. However, most modern
buildings today still depend heavily on artiﬁcial ventilation for their daily operations. The current study aims to identify the extent of
passive designs that correlate to the thermal comfort satisfaction levels and user expectation on utilization. Feedbacks from respondents
in selected primary school oﬃces were collected and analyzed. Pearson’s or the Product-Moment Correlation Coeﬃcient analysis was
used to justify the extent of correlation between the key parameters. The key parameters involved consisted of both physical and
non-physical factors which inﬂuence human responses to the changes in the surrounding environment. The ﬁndings of this study indicate
that the paired comparison between passive design, satisfaction levels, and estimation from the occupants have weak correlations, and
thus, this means that the applicability of passive design should be further integrate with other inﬂuencing parameters in order to intensify
the application of natural ventilation in oﬃce buildings in the near future.
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Production and hosting by Elsevierto resolve, recent ﬁndings that aim to address such an issue
are not much encouraging (Aynsley, 1999; Daghigh et al.,
2008; Abdeen Mustafar Omer, 2008).
The allocation of suﬃcient passive design elements is
one of the strategies normally used to maximize the utility
of natural ventilation (NV) in buildings through air pene-
tration. To order to investigate the eﬀectiveness of these
strategies, thus, the eﬀectiveness of this strategy should be
further investigated.
Designers and builders should work closely with each
other to create alternative technological solutions for the
eﬀective design, construction, and operation of buildings.
These solutions should not only meet building qualityuction and hosting by Elsevier B.V. Open access under CC BY-NC-ND license.
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nomic factors and site conditions to enable the eﬃcient
operation of buildings for at least 50 years (Sorrell, 2003).
NV is often regarded as one of the eﬀective strategies for
solving cooling problems within the interior space of a
building. NV does not need or rarely uses energy to
operate, and thus, it has low cooling costs (Cohen, 1997;
Cardinale et al., 2003; Priyadarsini et al., 2004).
NV plays an important role in sustaining the air ﬂow in
a building zone to nurture the health and comfort levels of
the occupants, which, in turn, helps improve the productiv-
ity of workers in an oﬃce environment (Health and Safety
Executive (HSE), 1999; Gratia and De Herde, 2004;
Abdeen Mustafa Omer, 2008; Stavrakakis et al., 2011).
Thus, NV has already been proved as a key component
in passive designed buildings that can integrate both
human and socioeconomic factors well within the building
context (Cohen, 1997; Twinn, 1997; Chan et al., 2013; Yao
et al., 2009).
The higher air ﬂow rate of NV is typically required in
the presence of warm-air environment, whereas the normal
air ﬂow rate is suitable for building zones within a moder-
ate thermal comfort range (Ayata and Yildiz, 2006). Previ-
ous studies stated that the increase in the speed of air
movement in higher temperature environments can raise
the level of thermal comfort (Priyadarsini et al., 2004; Yang
and Zhang, 2008; Lin and Chuah, 2011). Furthermore, the
range of air movement rate that is acceptable to the build-
ing occupants heavily depends on local weather conditions
and the air temperature (Clements-Croome, 1997; Siew,
2011).
Since the school building oﬃce in this study is meant for
teachers’ oﬃces where the teaching staﬀs conduct their
daily administration activities, thus it is assumed the work-
ing environment is similar with other working oﬃces which
are normally designed as open oﬃce with some degrees of
partition wall installation. Basically, diﬀerence of air ﬂow
rate required by building users depends on the local cli-
matic conditions. According to Sharma et al. (2011), higher
air ﬂow rates are required in tropical areas compared to
temperature zones. The air ﬂow range in tropical areas is
between 0.5 and 2.5 m/s compared to 0.20 m/s in other
temperature zones.
Building designs, particularly the Passive Design ele-
ments, play an important role in controlling the pattern
of air ﬂow into and out of buildings. Passive design ele-
ments which have been properly designed to integrate with
the building structure can further enhance NV performance
which consequently maintains the optimum levels of ther-
mal comfort in line with the activity types, customer pref-
erences, and building functions. The strategy of
combining physical designs with the nature of air ﬂow
heavily depends on varying local situations. Thus, the cur-
rent study aims to identify the extent of the contribution
provided by passive designs in terms of determining the
performance of NV in buildings to sustain the thermal
comfort of the occupants.2. Methods and materials
2.1. Methodology
Pearson’s or the Product-Moment Correlation Coeﬃ-
cient is the main analytical tool used in this study
because it is simple to operate, uses few assumptions,
and can produce results that are easy to understand.
This analytical tool typically uses two parameters, which
can be classiﬁed as X and Y, to compare and justify the
extent of correlation between these two variables. The
Pearson Correlation Coeﬃcient can be expressed as
follows:
r ¼ n
P
XY PXP Yﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
½nPX 2  ðPX Þ2
q
½nP Y 2  ðP Y Þ2
According to the nature of the r-output, the paired
parameters have a certain correlation when positive value
of r is obtained through analysis, that is, if one goes up,
the other also goes up. On the other hand, the paired
parameters are anti-correlated when the negative value of
r exists, that is, if one goes up, the other goes down. The
relationship of either correlation or anti-correlation is
stronger when the r values approach ±1 than when the r
values approach zero.
In this study, Pearson Correlation is used systematically
to compare the relationships of all key areas by grouping
the paired parameters to justify the correlation which fur-
ther hypothesizes the eﬀectiveness of passive design ele-
ments in securing the thermal comfort and indoor health
of building occupants.
However, in order to ensure proper justiﬁcation can be
made onto weak correlation, t-test onto r-output is con-
ducted to ensure the signiﬁcance level of the correlation
of coeﬃcient. The conﬁdence level of the test was set at
95% with the two tailed-test, and thus the critical value
of the Z-score is 1.96. The statement of null hypothesis,
H0, alternative hypothesis, H1, and the formula of t-test
were stated as follows:
H0: p = 0 which means there is no correlation between
the compared parameters.
H1: p – 0 which means there is signiﬁcant relationship
between the compared parameters.based on t ¼ rﬃﬃﬃﬃﬃﬃ
1r2
n2
p
where r = correlation of coeﬃcient and n = sample size.
Besides that, in order to ensure that the current study
explores the key areas eﬀectively and comprehensively,
the analytical approach based on the concept of Hierarchi-
cal Correlation Analysis conducted between parameters by
levels (HCAL) in the matrix format is suggested. This
method can identify outputs by levels and further justify
the outcomes more accurately because the comparisons
are made within the same level. This is because the param-
eters are paired and analyze the correlationship with diﬀer-
ent combinations. This analytical approach is thus found
suitable to be expressed in the matrix format which is
174 S.C. Chan et al. / International Journal of Sustainable Built Environment 2 (2013) 172–182suitable to be presented in tabular form and the outputs are
easy to comprehend.
Based on the operation procedure above, this analyti-
cal approach can be further expanded to categorize the
study objects into groups or classes in accordance with
their unique characteristics and consequently produce
more speciﬁc results related to the speciﬁc scope of the
analysis.
In this study, ﬁve levels of hierarchical correlation anal-
ysis are conducted for three groups of classiﬁed samples.
The ﬁve levels of correlation analysis are as follows:
2.1.1. Hierarchical Correlation Analysis Level 1
(HCAL1), which justiﬁes the correlation between
the Ratio of Passive Design Area (PDA) and the
following parameters separately
(a) Thermal Comfort (TC) – satisfaction level of the
occupants in the building zone in terms of thermal
comfort condition.
(b) Willingness to use (WU) – willingness of the respon-
dents to continue using the building zone.
(c) Issue related to Natural Ventilation (NV-WU) –
based on WU highlighted in 2.1.1(b), which means
that the respondents can use the buildings because
of NV performance.
(d) Additional Passive Design Area (APDA) – agree-
ment to add extra PDA in the buildings based on
the respondents’ opinions.
(e) Issue related to Natural Ventilation (NV-APDA) –
based on APDA highlighted in 2.1.1(d). Same to
2.1.1(c), the respondents agree to add PDA to seek
better NV performance.
2.1.2. Hierarchical Correlation Analysis Level 2 (HCAL2)
between TC and the respective parameters sepa-
rately, including all of the parameters highlighted
from 2.1.1(b) to 2.1.1(e)
2.1.3. Hierarchical Correlation Analysis Level 3 (HCAL3)
between WU and the respective parameters sepa-
rately, including all of the parameters highlighted
from 2.1.1(c) to 2.1.1(e)LEVEL Main
1 PDA
2 TC
3 WU
4 NV-WU
5 APDA
LEVEL Main TC WU NV-WU APDA NV-APDA
1 PDA √ √ √ √ √
2 TC √ √ √ √
3 WU √ √ √
4 NV-WU √ √
5 APDA √
LEVEL Main
1 PDA
2 TC
3 WU
4 NV-WU
5 APDA
TOTAL GROUP (TG)
Figure 1. Flowchart2.1.4. Hierarchical Correlation Analysis Level 4 (HCAL4)
between NV-WU and the respective parameters
separately, including all of the parameters high-
lighted from 2.1.1(d) to 2.1.1(e)
2.1.5. Hierarchical Correlation Analysis Level 5 (HCAL5)
between APDA and the respective parameters,
including the parameters highlighted in 2.1.1(e),
NV-APDA
Fig. 1 shows the relationship between the samples and
the levels of Hierarchical Correlation Analysis based on
the scenario presented in the case study below.
In this study, three sample groups of respondents are
classiﬁed asfollows:
2.1.1. Total group (TG), which consists of both urban and
rural school oﬃce buildings.
2.1.2. Urban group (UG), which consists of school oﬃce
buildings located in urban areas.
2.1.3. Rural group (RG), which consists of school oﬃce
buildings located in rural areas.
Rural group (RG), which consists of school oﬃce build-
ings located in rural areas.
After integrating the groups and the HCALs, the results
were analyzed for validation. To ensure the manageability
and eﬀectiveness of the process of analysis, all the scales
and values expressed by the respondent are converted,
standardized, and expressed in ratios based on the number
of respondents from each school.
In order to fulﬁll the requirements and objectives of this
study, questionnaire is prepared to cover all the criteria
highlighted. Basically, there are three main categories in
the questionnaire, such as (1) Thermal Satisfaction; (2)
Willingness to use the buildings; and (3) Willingness to
add more passive designs. All these subjective outputs were
expressed in objective numerical scale. Besides that, physi-
cal measurements at the site, especially onto the passive
design elements highlighted and the oﬃce ﬂoor area, were
also conducted. The schools were randomly selected withinTC WU NV-WU APDA NV-APDA
√ √ √ √ √
√ √ √ √
√ √ √
√ √
√
LEVEL TG UG RG
1 √ √ √
2 √ √ √
3 √ √ √
4 √ √ √
5 √ √ √
TC WU NV-WU APDA NV-APDA
√ √ √ √ √
√ √ √ √
√ √ √
√ √
√
URBAN GROUP (UG)
RURAL GROUP (UG)
CA Results Justification
of CA operation.
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school teachers, thus all the teachers were identiﬁed to be
involved in this study. The questionnaires were distributed
by hand to all the teachers in the selected schools, and on
average, they were given one month to complete the
questionnaire.2.2. Case study: school oﬃce buildings in Seremban, Negeri
Sembilan
For this study, appropriate sample size is needed to be
determined to in order to represent the population of
respondents in school oﬃces for the country. With the con-
ﬁdence level set at 95% with margin of error at 5%, this
study needs a sample size of about 384 respondents based
on the formula as follows:
n ¼ X
2  N  P  ð1 P Þ
ðME2  ðN  1Þ þ ðX 2  P  ð1 P ÞÞÞ
Since all the locations in Malaysia have the same climatic
condition and almost all the school oﬃce buildings have a
similar design, it is assumed that there is no signiﬁcance dif-
ference of indoor environmental conditions between the
locations selected. Thus, in this study, Seremban is selected10 
6 
 4
Figure 2. Distribution of selected schonot only because it fulﬁlls the above requirements, but also
it covers both urban and rural areas. 20 units of school
oﬃce buildings are selected in this study, including 10 units
in urban areas and 10 units in rural areas. The school build-
ings are distributed randomly in the Seremban Region in
the State of Negeri Sembilan, which includes the Central
Business District and its outskirts – Mantin and Labu.
The distribution of the schools and their typical indoor
and outdoor environments are illustrated in Figs. 2 and 3
respectively.
All the school buildings are located within spacious
green areas and paved open spaces, which are some dis-
tance away from heavy traﬃc. Based on site observations,
it can be concluded that all the school oﬃce buildings are
ventilated by mechanical ventilation systems, consisting
of ceiling fans, wall fans, and, in some school buildings,
air-conditioning units. However, it is observed that the oﬃ-
ces are also built with Passive Design in some parts of the
elements to sustain indoor air quality and thermal comfort
level.
A total of 413 respondents have responded in the ques-
tionnaire-based survey, all of whom are teachers. These
respondents spend most of their time in school oﬃces for
their daily administration jobs from 7:00 am to 4:00 pm.
The respective codes, names of the school oﬃces involvedols in Seremban, Negeri Sembilan.
Figure 3. Typical indoor and outdoor environments of selected schools.
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reported in Table 1.
Five categories of Passive Design Area (PDA) are
applied in oﬃce buildings based on the classiﬁcation
conducted by Siew (2011). These categories include Air
Well (AW), Facade Design (FD), Vertical Openings (VO),
Corridor and Shading (CS), and Wall and Partitions
(WP). All of these elements were carefully identiﬁed and
measured in the selected areas within the buildings during
site visits. The respective sizes of the elements and the total
PDA in the respective areas are listed in Table 2.
The values in Table 2 were converted to proportional val-
ues based on the ﬂoor area in each school, and the results are
listed in Table 3. These data, also known as the Proportional
Passive Design Area (PPDA), are one of the key inputs for
the hierarchical correlation analysis. The output of the
PPDA for the respective PDA in each school investigated
is presented in Table 3.
Aside from the physical measurements conducted at the
sites, the feedback based on the respondents’ opinions and
subjective measurement is another signiﬁcant set of datathat is included and analyzed in the current study. Similar
to the PDA, the subjective values from the respondents
were converted into an objective standardized scale
expressed in a ratio to ensure the eﬀectiveness of the analyt-
ical procedure. The ratio with a value of 1 indicates maxi-
mum satisfaction level, whereas that with a value of 0
indicates the minimum. This ratio is found easy to evaluate
as the range is small, and all the diﬀerence between 0 and 1
can be well expressed with decimal places, and thus, error
in computational work can be reduced. Table 4 presents
the feedback of respondents, which refers to the thermal
condition in the building zones. As can be seen in Table 4
and 6368% of the respondents were satisﬁed with the ther-
mal comfort levels in their existing oﬃces.
In terms of justifying the level of willingness to use the
existing school buildings, the respondents were required
to list out their thermal comfort satisfaction preference
based on two alternatives, ‘yes or no’. This analysis was
further expanded to investigate the reasons behind the will-
ingness of respondents to continue using the buildings. The
problem of reduced ventilation is one of the key reasons
Table 1
Response rate from the schools.
No. Code School name No. of respondents No. of participants Response rate (%)
1 NBA4009 SK Batang Benar 46 44 95.652
2 NBA4014 SK Labu 32 17 53.125
3 NBA4015 SK Tekir 13 9 69.231
4 NBA4018 SK Temiang 28 19 67.857
5 NBA4019 SK Rahang 44 33 75.000
6 NBD4074 SJK(T) Ladang Kirby 13 9 69.231
7 NBD4077 SJK(T) Ladang Cairo 20 13 65.000
8 NBD4086 SJK(T) Tun Sambanthan 20 18 90.000
9 NBC4042 SJK(C) Chung Hwa 30 18 60.000
10 NBC4043 SJK (C) Chi Hwa 32 26 81.250
11 NBC4044 SJK (C) Chan Hwa 41 36 87.805
12 NBC4045 SJK (C) San Min 22 17 77.273
13 NBC4046 SJK (C) Pei Hua 30 11 36.667
14 NBC4047 SJK (C) Kuo Min 34 10 29.412
15 NBC4048 SJK (C) Sino English 27 25 92.593
16 NBC4050 SJK (C) Sin Hua 30 28 93.333
17 NBC4062 SJK (C) Chung Hua Mantin 40 18 45.000
18 NBC4063 SJK (C) Chi Chi Mantin 15 13 86.667
19 NBC4064 SJK (C) kg Baru Pajam 14 10 71.429
20 NBE4136 SK Mantin 77 39 50.649
Total 608 413 67.928
Table 2
Classiﬁed passive design area (PDA) and respective ﬂoor area of school oﬃces.
No. Code Passive design area Total
AW FD VO CS WP
1 NBA4009 0.000 29.014 19.140 30.616 131.875 210.645
2 NBA4014 0.000 0.000 19.386 102.800 74.463 196.649
3 NBA4015 0.000 0.000 2.166 0.000 78.768 80.934
4 NBA4018 0.000 29.156 5.727 30.340 144.238 209.461
5 NBA4019 0.000 40.570 10.218 30.639 136.481 217.907
6 NBD4074 0.000 0.000 16.737 11.869 84.735 113.341
7 NBD4077 0.000 0.000 15.083 34.810 115.762 165.655
8 NBD4086 0.000 2.924 29.319 21.037 89.409 142.689
9 NBC4042 0.000 136.864 13.087 120.720 240.584 511.256
10 NBC4043 0.000 24.406 14.021 21.458 170.291 230.177
11 NBC4044 0.000 0.000 18.965 806.400 148.411 973.776
12 NBC4045 0.000 151.200 18.810 109.200 180.178 459.388
13 NBC4046 991.200 0.000 7.434 0.000 175.094 1173.729
14 NBC4047 0.000 33.600 17.007 41.160 151.413 243.180
15 NBC4048 0.000 67.286 12.783 68.078 86.685 234.832
16 NBC4050 0.000 0.000 0.000 0.000 180.198 180.198
17 NBC4062 0.000 30.294 41.883 37.422 129.448 239.047
18 NBC4063 0.000 0.000 0.000 52.160 114.514 166.674
19 NBC4064 0.000 9.027 19.477 8.555 55.136 92.195
20 NBE4136 0.000 30.885 4.846 29.465 144.914 210.110
Average 49.560 29.261 14.305 77.836 131.630 302.592
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and the extent related to the ventilation issue are presented
in Table 5.
As can be seen in Table 5, approximately 70% of the
respondents expressed their willingness to continue using
the current buildings, and 46.49% of them made such a jus-
tiﬁcation because of the problem of reduced ventilation in
the said buildings.
Furthermore, responses on whether more PDA should
be added in the current oﬃce buildings were also collected
from the participants. The reason related to the ventilationissue that supports the feedback was also investigated. The
average scales of the analyzed summary and the ventila-
tion-related reason for each school in study are illustrated
in Table 6.
Similar results were obtained in terms of opinions on the
addition of new PDA compared with the outputs from the
perspectives of WU and NV-WU. On average, approxi-
mately 63% of the respondents supported the suggestion
to add more PDA in their current oﬃces, whereas 54%
related such a decision to enhance the indoor ventilation
performance.
Table 3
Converted proportional passive design area (PPDA) based on the respective ﬂoor area of school oﬃces.
No. Code Proportional Passive Design Area Total
AW FD VO CS WP
1 NBA4009 0.000 0.229 0.151 0.242 1.041 1.662
2 NBA4014 0.000 0.000 0.293 1.554 1.126 2.974
3 NBA4015 0.000 0.000 0.063 0.000 2.308 2.371
4 NBA4018 0.000 0.264 0.052 0.275 1.308 1.900
5 NBA4019 0.000 0.263 0.066 0.199 0.885 1.413
6 NBD4074 0.000 0.000 0.257 0.182 1.299 1.738
7 NBD4077 0.000 0.000 0.232 0.534 1.777 2.543
8 NBD4086 0.000 0.033 0.333 0.239 1.016 1.621
9 NBC4042 0.000 0.510 0.049 0.450 0.896 1.904
10 NBC4043 0.000 0.137 0.079 0.120 0.954 1.290
11 NBC4044 0.000 0.000 0.128 5.446 1.002 6.576
12 NBC4045 0.000 1.192 0.148 0.861 1.421 3.622
13 NBC4046 5.223 0.000 0.039 0.000 0.923 6.185
14 NBC4047 0.000 0.258 0.131 0.316 1.163 1.868
15 NBC4048 0.000 1.038 0.197 1.051 1.338 3.624
16 NBC4050 0.000 0.000 0.000 0.000 0.627 0.627
17 NBC4062 0.000 0.228 0.315 0.282 0.975 1.801
18 NBC4063 0.000 0.000 0.000 0.737 1.618 2.355
19 NBC4064 0.000 0.213 0.459 0.202 1.300 2.173
20 NBE4136 0.000 0.241 0.038 0.230 1.132 1.642
Average 0.261 0.230 0.152 0.646 1.205 2.494
Table 4
Average thermal comfort satisfaction level in each school oﬃce.
No. Code TC
1 NBA4009 0.909
2 NBA4014 0.294
3 NBA4015 0.444
4 NBA4018 0.684
5 NBA4019 0.697
6 NBD4074 0.100
7 NBD4077 0.615
8 NBD4086 0.222
9 NBC4042 0.389
10 NBC4043 0.885
11 NBC4044 0.500
12 NBC4045 0.882
13 NBC4046 0.545
14 NBC4047 1.000
15 NBC4048 0.440
16 NBC4050 0.786
17 NBC4062 0.944
18 NBC4063 0.846
19 NBC4064 0.800
20 NBE4136 0.447
Average 0.637
Table 5
Average scales of willingness to use and related to natural ventilation.
No. Code WU NV-WU
1 NBA4009 0.023 0.114
2 NBA4014 0.353 0.176
3 NBA4015 0.444 0.444
4 NBA4018 0.737 0.421
5 NBA4019 0.909 0.333
6 NBD4074 0.333 0.111
7 NBD4077 0.923 0.308
8 NBD4086 0.222 0.222
9 NBC4042 0.500 0.278
10 NBC4043 0.923 0.808
11 NBC4044 0.917 0.639
12 NBC4045 0.941 0.588
13 NBC4046 0.909 0.182
14 NBC4047 0.800 0.500
15 NBC4048 0.680 0.560
16 NBC4050 0.964 0.821
17 NBC4062 1.000 0.889
18 NBC4063 0.923 0.538
19 NBC4064 0.900 0.600
20 NBE4136 0.615 0.513
Average 0.680 0.465
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and 6 respectively, it shows that about 47% and 55% of
the respondents in school oﬃces from both urban and rural
areas expressed positive feedback on the roles of ventila-
tion played by the PDAs from the perspectives of both util-
ity and increment of their sizes. However, to validate the
accuracy of the justiﬁcations eﬀectively, concrete results
should be obtained using appropriate analytical methods.
In the current study, Correlation Analysis (CA) using Pear-
son’s approach was employed, and the details of the anal-
ysis are presented in the following sections.3. Results and discussion
3.1. Hierarchical Correlation Analysis Level 1 (HCAL1)
As mentioned above, three groups of school oﬃce build-
ings were investigated under HCAL1. The PDA was the
main parameter paired and correlated with the other four
parameters to justify the signiﬁcance of the correlation
between them. The summarized analysis output is illus-
trated in Table 7.
Table 6
Average scales of additional passive design areas and related to natural
ventilation.
No. Code APDA NV-APDA
1 NBA4009 0.023 0.000
2 NBA4014 0.294 0.235
3 NBA4015 0.889 0.556
4 NBA4018 0.368 0.421
5 NBA4019 0.636 0.394
6 NBD4074 1.000 1.000
7 NBD4077 0.692 0.615
8 NBD4086 0.889 0.778
9 NBC4042 0.889 0.889
10 NBC4043 0.538 0.500
11 NBC4044 0.806 0.806
12 NBC4045 0.824 0.706
13 NBC4046 0.455 0.545
14 NBC4047 0.800 0.700
15 NBC4048 0.720 0.760
16 NBC4050 0.643 0.571
17 NBC4062 0.889 0.889
18 NBC4063 0.923 0.923
19 NBC4064 0.400 0.300
20 NBE4136 0.769 0.410
Average 0.630 0.547
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parameters either in TG, RG, or even UG have a weak cor-
relation. Among the CA values, UG exhibited the highest
anti-correlation because of the urban heat island eﬀect in
urban areas, which further deteriorates the eﬀectiveness
of natural ventilation. However, the CA between PDA
and WU exhibited higher positive correlation values than
TC, indicating that the occupants were willing to continue
using the building to a certain extent because of the avail-
able PDA. This result does not necessarily relate to better
NV performance because the CA of willingness to use the
building to enhance NV performance was weak for all
the three groups.
Moreover, the CA between PDA and APDA for all the
groups did not show high correlation to the addition of
more PDAs based on the current PDA. Similar results were
obtained for CA between PDA and NV-APDA, indicating
that the respondents may not intend to request more PDAsTable 7
Summarized output of hierarchical correlation analysis level 1.
No. Code PDA vs TC PDA vs WU
1 TG 0.176 0.221
2 RG 0.028 0.268
3 UG 0.458 0.155
Table 8
Summarized output of hierarchical correlation analysis level 2.
No. Code TC vs WU TC
1 TG 0.534 0.56
2 RG 0.491 0.58
3 UG 0.548 0.44in the buildings in order to enhance ventilation perfor-
mance. This result can be attributed to the suﬃcient
PDA available or the fact that the respondents have not
yet comprehensively understood the functions of PDA,
and thus, have not fully explored its potential usage, or else
there are other key issues needed to be considered, for
instance, conditions of surrounding green areas, urban heat
island eﬀects, etc.
3.2. Hierarchical Correlation Analysis Level 2 (HCAL2)
TC Parameter was the main indicator correlated with
other parameters in HCAL2. The summarized output of
the CA is displayed in Table 8.
In general, the CA results for the paired parameters of
TC versus WU and TC versus NV-WU exhibited moderate
positive correlations for all of the three building groups.
These results show that NV did aﬀect the willingness of
the respondents to use the current buildings, further aﬀect-
ing the acceptable thermal comfort levels of the
respondents.
However, for CA between TC verse APDA as well as
between TC verse NV-APDA, negative correlations seem
to indicate that additional PDAs are not needed to achieve
better TC levels based on the needs and ensure better NV
performance in buildings. All of the groups exhibited mod-
erate anti-correlation for CA between TC and NV-APDA,
indicating that the current PDA was suﬃcient to sustain
the TC levels in the buildings, and thus, no need to add
PDA to improve the NV in buildings.
3.3. Hierarchical Correlation Analysis Level 3 (HCAL3)
The CA process was further scaled down to compare the
WU with three other parameters, including NV-WU,
APDA, and NV-APDA, and further justify the inﬂuence
of WU on the PDA. The analytical results for all the
groups investigated are listed in Table 9.
As can be seen in Table 9, WU and NV-WU had a high
correlation, and thus, it can be concluded that the
respondents are willing to use the buildings because thePDA vs NV-WU PDA vs APDA PDA vs NV-APDA
0.099 0.012 0.147
0.055 0.194 0.168
0.278 0.066 0.350
vs NV-WU TC vs APDA TC vs NV-APDA
3 0.263 0.226
9 0.330 0.216
9 0.093 0.404
Table 9
Summarized output of hierarchical correlation analysis level 3.
No. Code WU vs NV-WU WU vs APDA WU vs NV-APDA
1 TG 0.699 0.204 0.252
2 RG 0.800 0.353 0.380
3 UG 0.443 0.270 0.486
Table 10
Summarized output of hierarchical correlation analysis level 4.
No. Code NV-WU vs APDA NV-WU vs NV-APDA
1 TG 0.240 0.213
2 RG 0.329 0.273
3 UG 0.108 0.017
Table 11
Summarized output of hierarchical correlation analysis level 5.
No. Code APDA vs NV-APDA
1 TG 0.892
2 RG 0.918
3 UG 0.833
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areas. However, the correlation between WU and APDA
was lower than WU and NV-WU with negative correlation
at UG. This result indicates that the current allocation of
PDA is suﬃcient to sustain the ventilation performance,
and thus, additional PDAs are not really required at the
moment. Similar correlation values were obtained from
the comparison of WU and NV-APDA. In other words,
RG exhibited higher correlation values for each compari-
son than UG possibly because of the fact that the school
oﬃce buildings in RG are mostly surrounded by green
areas with lower density development, allowing them to
gain less heat compared with those in UG.3.4. Hierarchical Correlation Analysis Level 4 (HCAL4)
Under this HCAL level, the willingness of the respon-
dents to use the building because of satisfactory ventilation
performance was compared with the possibility of adding
additional PDAs because of NV. The results of the analysis
on the comparisons of the three building groups are illus-
trated in Table 10.
As can be seen in Table 10, the results between two
paired comparisons of NV-WU with APDA and NV-WU
with NV-APDA were more or less consistent within the
groups. Similar to the ﬁndings highlighted in the previous
section, RG had a higher correlation in the range of
0.27–0.33 than UG, which only ranged from 0.02 to 0.11.
This result further strengthens the argument that PDA con-
tributes to enhance indoor ventilation performance due to
more green spaces in rural areas.
However, the correlation values in HCAL4 were insig-
niﬁcant at below 0.5, and thus, it can be concluded that
the willingness of the respondents to use the buildings
because of better ventilation may not necessarily be
improved through the addition of PDAs. Other factors,
such as better structure and user-friendly environment,
among others, should be considered.3.5. Hierarchical Correlation Analysis Level 5 (HCAL5)
The ﬁnal level of CA consisted of only one paired
parameter, which only included APDA and NV-APDA.
All the correlation values obtained from the three building
groups were high at 0.8919, 0.9184, and 0.8325, for TG,
RG, and UG, respectively. These ﬁgures indicate that the
respondents from both RG and UG believed that the NV
performance in their building can be further enhanced with
the addition of PDAs. Therefore, bright prospect of PDAusage can be justiﬁed because the building users support
the use of PDA as one of the strategies that can solve their
thermal comfort problems in the buildings. The summa-
rized output for the CA between APDA and NV-APDA
is shown in Table 11.
3.6. Justiﬁcation of signiﬁcance level
The values of correlation of coeﬃcient for these three
groups for each CA level are further justiﬁed through t-sta-
tistics. The results are displayed in Tables 12–14.
In Table 12, all the paired parameters show signiﬁcant
values of correlation of coeﬃcient, where Z scores are
either lower or higher than the critical value of 1.96. Only
paired parameters of PDA-APDA, 0.253, show signiﬁ-
cant values which are within the range of 1.96 and 1.96.
This means that there is no relationship to add passive
design elements based on the sizes of passive designs avail-
able in the study zones. This may further mean that sizes of
passive designs may not be able to justify the intentions of
the respondents to request more passive design elements in
their oﬃces.
However, in Table 13, availability of PDA does not have
signiﬁcant correlation between thermal comforts, as the Z
score obtained is 0.385 which is within the range. Besides
that, it also does not have a signiﬁcant value between PDA
and willingness to add PDA due to enhanced ventilation
performance. Z score for these paired parameters is
0.754. This may mean that other parameters may play
a more important role to inﬂuence indoor air performance,
for instance, surrounding green areas.
More non-signiﬁcant values exist in Table 14 when UG
is referred. These include: Correlation between PDA-
APDA, 0.983; TC-APDA, 1.396; NV-WU-APDA,
1.618 and NV-WU-NV-APDA, 0.247. All these values fall
within the range of 1.96 to 1.96. As highlighted in previ-
ous sections, it concludes that there are other factors which
inﬂuence the indoor thermal comfort levels and also the
ventilation performance within the zones studied, espe-
cially in urban areas. Thus, availability of PDA and its
sizes may not be the only factors that contribute to indoor
ventilation performance in buildings.
Table 12
Summarized Z-score for each paired parameter analyzed for TG.
Z-scores Parameter-Y
TC WU NV-WU APDA NV-APDA
Parameter-X
PDA 3.632 4.601 2.013 0.253 3.020
TC 12.820 13.795 5.517 4.707
WU 19.814 4.232 5.282
NV-WU 5.018 4.426
APDA 39.978
*Reject null hypothesis if Z > 1.96 or Z < 1.96.
Table 13
Summarized Z-score for each paired parameter analyzed for RG.
Z-scores Parameter-Y
TC WU NV-WU APDA NV-APDA
Parameter-X
PDA 0.385 3.815 0.754 2.709 2.336
TC 7.735 9.985 4.794 3.040
WU 18.290 5.181 5.628
NV-WU 4.772 3.891
APDA 31.833
*Reject Null Hypothesis if Z > 1.96 or Z < 1.96.
Table 14
Summarized Z-score for each paired parameter analyzed for UG.
Z-scores Parameter-Y
TC WU NV-WU APDA NV-APDA
Parameter-X
PDA 7.660 2.336 4.305 0.983 5.554
TC 9.736 7.462 1.396 6.570
WU 7.356 4.176 8.276
NV-WU 1.618 0.247
APDA 22.342
*Reject null hypothesis if Z > 1.96 or Z < 1.96.
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Generally, as stated in Table 4, more than half of the
respondents from both groups were satisﬁed with the cur-
rent thermal condition in their oﬃces. This indicates that
the existing ventilation designs in terms of both passive
and mechanical items are able to sustain the respondents’
thermal comfort requirements, but can still be improved
further.
Based on the ﬁndings discussed in Section 3.1, the per-
formance of TC does not have any direct correlation with
the allocation of PDA. Moreover, no signiﬁcant correla-
tion between the PDA and other parameters was identiﬁed,
indicating that the building occupants were satisﬁed with
their current buildings, wherein the passive designs may
be one of the main reasons. These results were clearly sta-
ted in Sections 3.2 and 3.3.
In Section 3.4, although the current allocation of passive
designs was found suﬃcient to sustain the ventilationperformance in the buildings investigated, the occupants
did not object to the addition of passive design areas in
general. However, as highlighted in Section 3.5, the inten-
tion to enhance ventilation performance may only be one
of the reasons that support the addition of passive designs,
that is, other factors may also inﬂuence the decisionmaking.
Moreover, similar justiﬁcation can be made under
Section 3.6 that the issue of thermal comfort and indoor
ventilation performance may not only be resolved through
sizes of PDA, the allocation, surrounding environments,
and also the activity of the building occupants may play
a part.
Through the outputs from Tables 7–14, it is found that
provision of PDA in the study zones does not play a signif-
icant role to inﬂuence the comfort level even though the
conditions of PDA and the current thermal comfort levels
are still satisﬁed. However, the respondents from both RG
and UG have no intention to add any PDA. For those who
are willing to add, the need to enhance ventilation perfor-
mance is one of the key considerations.
UG has shown high non-correlation between paired
parameters compared with RG. This means that the adjust-
ment onto the PDA sizes may not be the key strategies to
enhance indoor ventilation performance. This may be true
for oﬃces located in urban areas where heat problems are
more serious, such as: limitation of green space available to
cool down external air temperature, esthetic requirements
and heat island eﬀects.
4. Conclusion and suggestions
The application of the analytical approach of Hierarchi-
cal Correlation Analysis based on the levels in this study
proves that passive design elements may not play an impor-
tant role in determining the eﬀectiveness of natural ventila-
tion performance in buildings, – especially in the context of
a hot and humid tropical climate, where mechanical venti-
lation systems, such as fans and air-conditioned units, are
needed most of the time to eliminate the heat gain from
indoor and surrounding areas.
The current study also shows that the respondents do
agree that passive designs play some roles to sustain the
thermal comfort levels even though the extent of this con-
tribution is not signiﬁcant. Moreover, the respondents did
not show interest on the addition of passive design ele-
ments to their buildings to further enhance the ventilation
performance.
Therefore, it may be concluded that the possibility of
using passive design elements in oﬃce buildings in hot
and humid climates, such as in Malaysia, remains limited
even though these elements are well integrated into the
building design process. Thus, more eﬀort to communicate
and educate building users and their owners is necessary to
explore the application aspects comprehensively and opti-
mize the beneﬁts of building users in terms of achieving
better and more economical thermal comfort levels.
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